Introduction
Therapeutic cell mimicry is an emerging approach that aims at substituting for missing or lost cellular function, particularly in enzyme replacement therapy. Approaches include artificial organelles and artificial cells, i.e., nano-and micronsized reactors for encapsulated catalysis, respectively. With the development of nanotools and the increasing understanding of (sub)cellular process, the mimics become more and more sophisticated and their activity starts to be assessed in biologically relevant environment. [1] For artificial organelles, recently extensively reviewed by Tanner et al. [2] and Schoonen and van Hest, [3] the latter aspect refers to the challenging task of biocatalytic activity inside of cells, accomplished by only a handful of reports, [4] including our own effort employing subcompartmentalized nanoreactors with preserved activity in macrophages. [5] From a different perspective, artificial cells are typically micronsized reactors and the more sophisticated assemblies mimic the hierarchical structure of biological cells by considering subcompartmentalized structures as recently discussed hepatic donor cells into the required high numbers with preserved phenotype activity. Therefore, future concepts might need to consider artificial cells to assist and support their biological counterparts.
Assembly of Bionic Tissue

Core-Shell Particles
The assembly of bionic tissue consisting of artificial and biological components requires the successful integration of the synthetic partner into the growing cell culture. To this end, we cocultured uncoated silica particles with hepatocytes (hepatocyte carcinoma HepG2 cells) in three different ratios (cells/particles 25/1, 1/1 and 1/5). This immortalized cell line is a widely used model and better suited for the purpose of this paper than primary cells which are challenging to proliferate. We would like to note that stem cells would be an alternative choice, but aspects involving the assembly of bionic tissue with this type of cells are beyond the scope of this paper and will be part of an independent publication. As expected, live cell images of the cocultures after 24, 48, and 72 h confirmed the presence of higher amounts of particles with increasing numbers of particles used for seeding ( Figure S1 in the Supporting Information). Further, more of the particles remained associated with the cells after fixation for a cells/particles ratio of 1/5 compared to 25/1 and 1/1 ( Figure S2 in the Supporting Information). The lower amount of particles observed after 72 h compared to 48 h was due to the required media change, which removed unbound or loosely attached particles. The same reason explained the large difference in particles present in the live and fixed cocultures. Due to this initial finding using uncoated silica particles, a cells to particles ratio of 1/5 was used from now on.
Following on, we aimed to assess the effect of the surface coating on the particle integration into the proliferating hepatocytes. Silica particles were coated with PDA followed by the adsorption of different terminating layers, i.e., poly(l lysine) (PLL), PLL/poly(methacrylic acid) (PMA), or PLL/cholesterolmodified PMA (PMAc) referred to as P, P + , P − , and P c . We previously showed that PDA could be deposited on silica colloids, [12] and that multiple polymer layers consisting of PLL and PMAc could be adsorbed onto PDA-coated substrates. [13] These different coated particles were used for coculturing with hepatocytes. The obtained bionic tissue was fixed after 72 h incubation time and visualized using the confocal laser scanning microscope (CLSM) (Figure 1) . In order to image the particles and cells, fluorescently labeled PLL (PLL F ) was used for the particle assembly, and the cell nuclei and cytoskeleton were stained. Further, different focal planes were chosen to assess the particle distribution throughout the growing hepatic cell culture. ( Figure S3 in the Supporting Information shows the unmerged images from Figure 1 to clearly separate the cells from the particles.) First of all, the particles were not internalized by the cells, which was not surprising due to their large sizes (7 µm in diameter). Further, similar amounts of healthy looking hepatocytes could be observed with particles present in all focal planes independent of the property of the terminating polymer layers. This was a beneficial finding, illustrating that all types of particles were integrated within the hepatic tissue. In an attempt to quantitatively compare the number of particles depending on the type of coating and focal plane, the particle count was color www.advhealthmat.de
Adv. Healthcare Mater. 2017, 6, 1601141 www.advancedsciencenews.com Scheme 1. Schematic illustration of the assembly of the (i) microreactors and (ii) the bionic tissue. The microreactor assembly starts with the poly(l lysine) (PLL) coating of silica particles followed by the deposition of liposomes loaded with catalase (Lcat). Catalase (cat) can covert the cytotoxic compound hydrogen peroxide (H 2 O 2 ) into water and oxygen. Polydopamine (PDA) and terminating polymer multilayers are adsorbed yielding core-shell microreactors (P Lcat ). Upon silica core removal, capsosomes (C Lcat ) are obtained. Bionic tissue is assembled by coculturing P Lcat or C Lcat with hepatocytes. coded ( Figure S4 in the Supporting Information) and added on the bottom of Figure 1 . The focal plane on the bottom and in the middle of the cocultures exhibited comparable number of particles independent of their surface coatings. However, ≈50% and ≈25% more P + was found in the top layer compared to P c and P/P − , respectively, pointing toward a favorable incorporation of positively charged particles probably due to their electrostatic interactions with the cells.
Capsules
With the aim to understand the effect of the mechanical properties (i.e., hard core-shell particles vs soft capsules) of the synthetic partners in the bionic tissue, the silica templates were removed from the different core-shell particles using buffered hydrofluoric acid yielding PDA-based capsules (C) terminated with PLL (C + ), PLL/PMA (C − ), or PLL/PMAc (C c ) ( Figure S5 in the Supporting Information). These different capsules were cocultured with hepatocytes and visualized as outlined above (Figure 2 ; Figure S6 in the Supporting Information). Similarly as for the core-shell particles, the appearance of the cells was not negatively affected by the presence of the capsules. We would like to note that C were not fluorescently labeled and could therefore not be visualized or quantified by CLSM. Compared to the core-shell particles, the capsules were less homogeneously distributed in the hepatic tissues with larger amounts observable in the middle focal plane. While the top focal plane contained the expected small amount of capsules, the bottom focal plane had surprisingly little capsules incorporated, especially for C − and C + . What is more, the structural integrity of the capsules was not preserved in the presence of hepatocytes. Although not entirely disintegrated, the capsules collapsed and were deformed likely due to the mechanical forces the cells exerted on them. While the distorted capsules remained outside of the cells, their use as component in hepatic bionic tissue will likely suffer from stability issues and/or loss of entrapped enzymatic cargo.
Long-Term Coculturing
With the aim to understand the long-term effects and distributions of the core-shell particles and capsules in the hepatic tissues, the cocultures were allowed to grow for 10 d (with a media change every 2 d) prior to visualization. For comparison, the hepatic monoculture was imaged by CLSM after 3 and 10 d ( Figure S7 in the Supporting Information). Artificial entities with the same surface chemistry were chosen, i.e., P + and C + , since cocultures with P + had the highest amount of particles present in the top focal plane. The fixed and stained samples were visualized by CLSM revealing dense hepatic tissue with embedded P + and C + in the bottom focal planes and bottom/ middle focal plane, respectively (Figure 3a) . C + were massively deformed with nearly no structurally intact capsules left. The absence of P + and C + in the top focal plane could be explained by the fact that the hepatocytes kept proliferating, but the number of P + and C + did not increase, leading to their depletion. In an attempt to overcome this effect, additional P + and C + were added on day 6 during the media exchange followed by incubation until day 10 and visualization by CLSM ( Figure S8 in the Supporting Information). However, no further P + and C + incorporation could be observed, illustrating the importance of coseeding the synthetic and biological partners. In order to confirm this possibility, hepatocytes mixed with P + or C + (ratio 1/5) were added together with the media during the media exchange on day 3 and day 6 followed by incubation until day 10 and visualization ( Figure 3b ). This multiple coseeding strategy was able to overcome the depletion of the artificial partners in the bionic tissue, leading to homogeneous distribution of P + and C + in the bionic tissue. This is crucial aspect when the synthetic entities are envisioned to support their biological counterparts.
Cell Viability
Following on, the goal was to quantitatively assess the viability of the hepatocytes in the presence of the different artificial entities in comparison to hepatic monocultures.
The metabolic activities of hepatocytes in cocultures after 3 and 10 d incubation time were compared to hepatic monocultures by measuring the dehydrogenase activity of live cells using the cell-counting kit. The normalized cell viability (CV) illustrated that all cocultures had similar CV, and neither the incorporated core-shell particles nor the capsules have significant effect on the cell proliferation compared to the hepatic monocultures (Figure 4a) .
Additionally, the hepatic proliferation was quantified up to 10 d incubation time by determining the amount of doublestranded DNA (dsDNA) measured in the cocultures using the PicoGreen Assay. All different core-shell particles and capsules were cocultured with hepatocytes. The increasing amount of measured dsDNA showed that the hepatocytes were similarly proliferating as in the monocultures without any significant differences observed depending on the type and coating of the synthetic partners (Figure 4b ). This was a very important finding which ensured that the presence of the nonbiological entities did not have a negative effect on the cell growth.
Microreactor Assembly
With the aim to equip the synthetic partner in the bionic tissue with functionality, enzyme loaded liposomes were immobilized onto PLL precoated silica templates prior to the depositions of the PDA shell and the terminating polymer layer(s). This approach was inspired by our prior publications where we demonstrated the encapsulated catalysis employing simultaneously three enzymes, [8b] or the use of microreactors for depletion of phenylalanine as a potential approach in oral treatment of phenylketonuria. [10] In the current effort, we chose the enzyme catalase (cat) to be loaded into the liposomes (L cat ) and used for the assembly of the microreactors. This enzyme was selected since it converts hydrogen peroxide (H 2 O 2 ) into water and oxygen, and by doing so, it has the ability to remove cytotoxic reactive oxygen species mimicking an important liver function.
The microreactors were assembled by loading L cat on PLL precoated silica particles, followed by 24 h PDA deposition and adsorption of four bilayers of poly(allylamine hydrochloride) (PAH)/poly(sodium 4-styrenesulfonate) (PSS) with a PLL terminating layer. The (PAH/PSS) 4 bilayers were added to ensure the stable trapping of L cat . First, the homogeneous distribution of the enzymes and liposomes on the surface of the particles and capsules in buffer solution was confirmed. To this end, the microreactors were assembled using fluorescently labeled liposomes (L g ) and fluorescently labeled cat (catr) yielding P Lgcatr and upon removal of the silica template capsosomes (C Lgcatr ) were obtained. P Lgcatr and C Lgcatr were visualized by CLSM (Figure 5a ). Nonaggregated microreactors with homogeneously distributed fluorescence were observed. The presence of both, lipids and enzymes, was confirmed due to the colocalization of the two fluorophores.
Next, we assessed the time-dependent activity of the microreactors in buffer solution using the Amplex red assay, which monitored the presence of (5 of 8) 1601141 assembled using empty liposomes. Importantly, the removal of the cores did not negatively affect the performance of the microreactors, e.g., due to enzyme leakage or enzyme deactivation.
Microreactor Activity in Bionic Tissue
A key function of the liver is its ability to remove toxic compounds from the body. The assembled microreactors were tested toward their capability to act as simple artificial hepatocyte with detoxification properties in cell culture. We would like to note that employing microreactors is beneficial over the use of free enzymes due to improved stability of the enzyme, defined localization of the reaction, or the use of the microreactor as a building block in the newly forming tissue among others.
First, P Lgcatr and C Lgcatr were assembled and employed in the coculture with the hepatocytes to visualize both components of the microreactors using CLSM (Figure 6a) . The cocultures were fixed after 6 h incubation time and the nuclei were stained before imaging. First, both the green lipids and the red enzymes were detected. The fluorophores were colocalized as expected for most microreactors. As discussed earlier, P Lgcatr retained their structural integrity in cell culture, while C Lgcatr lost their spherical shape due to the interaction with the growing hepatocytes.
In an attempt to mimic the detoxification activity of the liver with the assembled microreactors, hepatocytes were cocultured with either P Lcat or C Lcat for 10 h. Following on, the cell cultures were exposed to different concentrations of H 2 O 2 for 24 h prior to the assessment of the viability of the hepatocytes. As controls, cocultures with P L and C L were employed. The presence of the same type of microreactors in the cocultures was anticipated to make the adhesion and proliferation of the hepatocytes comparable, while the absence of the enzymes did not allow for the removal of the added H 2 O 2 . Importantly, the presence of P Lcat significantly shifted the median lethal dose (LD 50 ) for H 2 O 2 to above 1 × 10 -3 m compared to ≈0.5 × 10 -3 m for P L (Figure 6b ). This finding not only illustrated that the microreactor remained active in cell culture for at least 34 h, but it also demonstrated that a function of the biological liver could be mimicked yielding a beneficial effect on the biological counterpart, i.e., improved cell viability. On the other hand, the presence of C Lcat in the coculture did not significantly affect the viability of the hepatocytes when exposed to H 2 O 2 ( Figure 6c ). This observation was not surprising considering that this type of microreactors was deformed by the presence of the hepatocytes likely leading to fast loss/deactivation of the encapsulated enzymes.
Conclusions
We report the assembly of sub 10 µm sized microreactors with demonstrated enzymatic functionality in a hepatic cell culture. Hepatic bionic tissue consisting of hepatocytes and either coreshell particles or capsules with different terminating polymer layers was illustrated. In the former case, P + allowed for the best interaction with hepatocytes. On the other hand, the integration of the capsules into the proliferating hepatocytes was less homogeneous and less dependent on the terminating polymer layer. There was no effect on the cell proliferation rate observed due to the presence of the artificial entities, but the structural integrity of the capsules was lost, likely due to the force the hepatocytes exerted on them. Further, only core-shell microreactors were able to lower the amount of externally added H 2 O 2 leading to increased survival of the hepatocytes.
Taken together, we demonstrated that artificial and biological entities can successfully interact. This finding especially together with other developments including 3D printing, [14] the use of artificial proteins, [15] synthetic cells with ability to mimic basic cell cycles, [16] and biomimetic system for studying synthetic adhesion, [17] has the potential to significantly advance the field of regenerative medicine and tissue engineering.
Experimental Section
Materials: PLL (M w of 40 000−60 000 Da), PMA (M w 18600), PAH (M w 17 000), PSS (M w 70 000), DA, sodium chloride (NaCl), phosphate buffered saline (PBS), tris(hydroxymethyl)aminomethane (TRIS), 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid (HEPES), acetic acid, ethanol, and chloroform (purity of ≥99.5%), hydrofluoric acid (HF), ammonium fluoride (NH 4 F), catalase from bovine liver (10 000 units per mg solid, 240 kDa), phalloidintetramethylrhodamine B isothiocyanate (phalloidin), 6-diamidino-2-phenylindole (DAPI), horseradish peroxidase (HRP, 250-330 units per mg solid), cell counting kit CCK-8, and hydrogen peroxide (H 2 O 2 , 30% w/w) were purchased from Sigma-Aldrich. Silica particles (7 µm in diameter) were obtained from Microparticles GmbH (Berlin, Germany). Amplex red catalase assay kit, dylightTM 633 maleimide, and Quant-iT Picogreen cell proliferation Assay were purchased from ThermoFisher scientific. 1,2-Dimyristoyl-sn-glycero-3-phosphocholine (DMPC), 1,2-dipalmitoylsn-glycero-3-phosphocholine (DPPC), and fluorescent lipids 1-oleoyl-2-[6-[(7-nitro-2-1,3-benzoxadiazol-4-yl) amino]hexanoyl]-sn-glycero-3 phosphocholine (NBD-PC) were purchased from Avanti Polar Lipids, USA.
Three types of buffers were used for all experiments: TRIS buffer consisting of 10 × 10 -3 m TRIS, pH 8.5, HEPES1 buffer consisting of 10 × 10 -3 m HEPES, pH 7.4, and HEPES2 buffer consisting of 10 × 10 -3 m HEPES and 150 × 10 -3 m NaCl, pH 7.4. The buffer solutions were made with ultrapure water (Milli-Q gradient A 10 system, resistance 18 MΩ cm, total carbon count (TOC) < 4 ppb, Millipore Corporation, USA).
PMAc and fluorescently labeled PLL (PLL F ) were obtained following prior published procedures. [18] Fluorescently labeled catalase (catr) was prepared by adding 5 µL DylightTM 633 Maleimide to 5 mg mL −1 catalase solution in HEPES1 buffer followed by incubation for 6 h, and the product was purified by overnight dialyses, twice changing the HEPES1 buffer.
Unilamellar liposome stock solutions were prepared by evaporation of the chloroform of 2.5 mg of lipid solution (2.1 mg DMPC, 0.4 mg of DPPC) under vacuum for 1 h, followed by rehydration with either 1 mL of HEPES1 buffer or 2 mg mL −1 cat or catr in HEPES1 buffer and extrusion through 400 and 100 nm filters (11× for each filter size) at 40 °C yielding L and catalase loaded liposomes L cat or L catr , respectively. Catalase loaded liposomes were dialyzed for 36 h with 4× changing of the HEPES1 buffer solution. For fluorescent liposomes L g , 1 wt% NBD-PC was added to the lipid solution.
Particle Coating: 100 µL of 7 µm diameter silica particles was washed 2× in TRIS buffer (1060 g, 30 s). The particles were suspended in a DA solution (2 mg mL −1 in TRIS buffer, 24 h) followed by 3× washing steps in HEPES2 buffer to obtain PDA-coated particles (P). Capping layers were deposited by alternating adsorption of PLL F (1 mg mL −1 , 10 min) and PMAc (1 mg mL −1 , 10 min) with intermediate washing steps in HEPES2 buffer solution until four bilayers were deposited yielding P c . The reason for these four bilayers was to enhance the fluorescence signal coming from PLL F for visualizing the core-shell particles in cell culture. Finally, either PLL F (1 mg mL −1 , 10 min) or PLL F /PMA (1 mg mL −1 , 10 min) was added as terminating layers resulting in P + and P − , respectively.
Capsules Assembly: For the capsules assembly, the cores of P, P + , P − , and P c particles were dissolved using a 2 m HF/NH 4 F buffer solution for 2 min, followed by several washing cycles in ultrapure water (4500 g, 3 min), to obtain C, C + , C − , and C c capsules, respectively.
Microreactor Assembly: 7 µm diameter silica particles were washed 2× in HEPES2 buffer (1060 g, 30 s), followed by incubation with PLL (1 mg mL −1 , 10 min) and washed 3× times in HEPES2 buffer. The particles were exposed to L or L cat solution for 45 min followed by two washing steps in HEPES2 buffer and 1× in TRIS buffer. Next, these particles were suspended in a DA solution (2 mg mL −1 in TRIS buffer) for 24 h and washed 3× in HEPES2 buffer. Capping polymer multilayers were deposited by alternating adsorption of PAH (1 mg mL −1 , 10 min) and PSS (1 mg mL −1 , 10 min) with intermediate washing steps in HEPES2 buffer solution until four bilayers were assembled followed by the adsorption of a PLL (1 mg mL −1 , 10 min) terminating layer and three final washing steps in HEPES2 buffer. Core-shell particles with L and L cat were named P L and P Lcat , respectively. If required, the core of these microreactors was dissolved using a 2 m HF/NH 4 F buffer solution for 3 min, followed by several washing steps in ultrapure water (4500 g, 3 min) yielding C L and C Lcat . For visualization by CLSM (a Zeiss Axiovert microscope coupled to an LSM 700 confocal scanning module), L g and catr were used for the microreactor assembly (P Lgcatr and C Lgcatr ). Microreactor Activity: P Lcat and C Lcat microreactor activities were measured using the Amplex red assay. 500 000 P Lcat or C Lcat microreactors in 25 µL HEPES2 buffer reacted with 25 µL of 40 × 10 −6 m H 2 O 2 for 60, 120, and 180 min at room temperature. Then, 50 µL of 100 × 10 −6 m Amplex Red reagent solution containing 0.4 U mL −1 HRP was added for 30 min at 37 °C. The fluorescence of the solution was measured by a multiplate reader. As controls, 500 000 P L and C L (microreactors carrying empty liposomes) were used.
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Cell Experiments: The hepatocellular carcinoma cell line HepG2 was used in all experiments. The hepatocyte cell line (550 000 cells per flask in 20 mL medium) was cultured in 75 cm 2 culture flasks in medium (minimum essential medium with Earle's salts and sodium bicarbonate supplemented with 10% fetal bovine serum, 50 µg mL −1 penicillin, 50 µg mL −1 streptomycin, 1% nonessential amino acids, and 2 × 10 -3 m L-glutamine (all from Sigma-Aldrich)) at 37 °C and 5% CO 2 . Hepatocytes were washed 1× with PBS prior to harvesting with 1.5 mL trypsin (5 min) followed by resuspension in 5 mL of their medium and counted. All cell experiments in this manuscript were performed in at least three independent repeats.
Coculturing of Hepatocytes with Core-Shell Particles or Capsules: 9 mm diameter glass slides were cleaned via sonication in ethanol for 10 min, rinsed with ultrapure water, dried under nitrogen flow, and exposed to UV/ozone for 15 min. Different particles and capsules were cocultured with hepatocytes in the required cells/particles (or capsule) number ratio. First, the particles (or capsules) were mixed with cells, and then, the mixtures were seeded at a density of 180 000 cells per well in 1.5 mL media in 24 well plates and allowed to attach and proliferate for 24 h, 48 h, 72 h, or 10 d at 37 °C and 5% CO 2 . The media was exchanged every 2 d. Additionally, for the long-term cocultivation, P + and C + were cultured with 180 000 hepatocytes in 1.5 mL cell media in a cell/ particle (or capsules) number ratio 1/5 in 24 well plate. Then, after 6 d incubation time, the same number of P + and C + was added once more to the cocultures, followed by another 4 d culturing. Alternatively, after 3 and 6 d incubation time, 1.5 mL particle (or capsule)/cell mixture in a ratio 5/1 was seeded again, followed by continuous cultivation till day 10. In all cases, the media was exchanged every 2 d.
Visualization: For visualization by microscopy, the cocultures were washed 3× with PBS and then fixed in a cooled solution of glacial acetic acid (5% in ethanol, 10 min). The cocultures were washed 3× with PBS and then soaked in PBS buffer containing 0.1 vol% Triton X-100 (T-PBS, 15 min). The nuclei and actin filaments were stained with DAPI (1 µg mL −1 in PBS) and phalloidin (0.1 µg mL −1 in PBS), respectively. The samples were washed carefully in T-PBS 3× in between of all the abovementioned steps and stored in PBS at 4 °C in the dark until mounted on a glass cover slide using mounting media (Eukitt, Sigma) for visualization. For the 3 d cocultures of capsules/hepatocytes, the fixed samples were blocked using 2% bovine serum albumin in T-PBS for 2 h at room temperature following the 15 min T-PBS treatment. Then, the focal adhesion staining was carried out by incubation with the primary antibody, monoclonal antivinculin (10 mg mL −1 , 1.5 h), and subsequent incubation with the secondary antibody, Alexa fluor 488 F(ab′)2 fragment of goat antimouse IgG (5 mg mL −1 , 1 h). The fixed cells were imaged using a 1 × 81 motorized inverted Olympus microscope (IX81) and the CLSM. The particles and capsules integrated in cocultures were manually counted on at least three images per repeat.
Cell Proliferation: First, P, P + , P − , and P c particles and C, C + , C − , and C c capsules were cultured with 80 000 hepatocytes in a cell/ particle(capsules) ratio of 1/5 in 600 µm cell media in 48 well plate for 3 and 10 d, with a media change every 2 d. Then, the cell viabilities were measured using the CCK-8. 200 µL fresh cell media containing 10 vol% CCK-8 was added to each well. After 2 h incubation, 100 µL of the cell media was transferred to a 96 well plate for the absorption measurement using a multiplate reader. The results were normalized to untreated hepatic monocultures. Further, the PicoGreen cell proliferation assay was used to quantify the cell proliferation following the protocol of the supplier. Briefly, 10 000 cells in each well of a 48 well plate were used with a cells/particles or capsules ratio of 1/5 in 200 µL cell media. After the desired incubation times, the cells were harvested and immediately frozen down. Then, all the cell samples were thawed at once, and 1 mL digestion solution in Dulbecco's PBS (DPBS) buffer (125 µg mL −1 papain, 0.242 mg mL −1 L-cysteine, 0.333 m ethylene-diamine-tetraacetic acid (EDTA)) was added, and the mixtures were incubated overnight at 65 °C. Following on, the mixtures were diluted 32× using TRIS-EDTA (TE) buffer. (TE Buffer, 1×, pH 7.5, is composed of 10 × 10 -3 m TRIS-HCl and 1 × 10 -3 m EDTA.) 100 µL diluted samples were transferred to a 96 well plate, and 100 µL 200× diluted PicoGreen reagent was added to each sample followed by incubation at room temperature for 2-5 min. A multiplate reader was used to measure the fluorescence of each well by setting the excitation wavelength to 480 nm and the emission wavelength to 520 nm. The dsDNA amount of each sample was calculated according to a standard curve.
Microreactor Activity in Bionic Tissue: 50 000 cells and 250 000 microreactors (P Lcat , C Lcat , P L , and C L ) in 200 µL cell media were seeded in each well of a 48 well plate. After 10 h, the cell media was replaced with 200 µL fresh media containing different H 2 O 2 concentrations (0-1.0 × 10 -3 m). After 24 h, the cell viability was assessed using CCK-8 by replacing the media with 200 mL media containing 10 vol% CCK-8 assay solution in each well and incubating for 2 h at 37 °C and 5% CO 2 prior to the absorption measurements using the multiplate reader. At least three independent repeats in triplicates were performed. The statistical significance used to compare the distribution was determined using a one-way ANOVA with a confidence level of 95%, followed by a Tukey's post hoc test if the one-way ANOVA result was significant.
For the visualization of the microreactors/hepatocytes cocultures by CLSM, P Lgcatr and C Lgcatr were cocultured with the hepatocytes and allowed to attach overnight (cells/microreactors number ratio 1/5).
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